Isoflurane preconditioning induces neuroprotection that is inducible nitric oxide synthase-dependent in neonatal rats.
Perinatal stroke is a common human disease. Neonatal brains are immature and engaged in active synaptogenesis. Preconditioning adult rats with the volatile anesthetic isoflurane induces neuroprotection. Whether isoflurane preconditioning induces neuroprotection in neonates is not known. Seven-day-old Sprague-Dawley rats had left common carotid arterial ligation followed by hypoxia with 8% oxygen for 1, 2, or 2.5 h at 37 degrees C. Isoflurane preconditioning with 1 or 1.5% isoflurane for 30 min was performed at 24 h before the brain hypoxia/ischemia. The inducible nitric oxide synthase inhibitor aminoguanidine (200 mg/kg, intraperitoneally) was administered 30 min before the isoflurane pretreatment. The weight ratio of left to right cerebral hemispheres at 7 days after the brain hypoxia/ischemia was calculated. The mortality during the period from cerebral hypoxia/ischemia to 7 days afterwards was monitored. In another experiment, 6-day-old rats were exposed to 1.5% isoflurane for 30 min. The cerebral hemispheres were removed at various time points for Western analysis of inducible nitric oxide synthase. The mortality was about 40% in neonates with brain hypoxia/ischemia for 2 h or 2.5 h and was not altered by isoflurane preconditioning. The weight ratio of left/right cerebral hemispheres in the survivors was 0.99 +/- 0.02, 0.65 +/- 0.19, and 0.86 +/- 0.15 (n = 7-18) for the rats in control, brain hypoxia/ischemia for 2.5 h, and isoflurane preconditioning plus brain hypoxia/ischemia for 2.5 h groups, respectively (P < 0.05 for the comparisons between control versus brain hypoxia/ischemia and brain hypoxia/ischemia versus isoflurane preconditioning plus brain hypoxia/ischemia). This isoflurane preconditioning-induced neuroprotection was abolished by aminoguanidine (the weight ratio was 0.61 +/- 0.18, n = 12). Isoflurane induced a time-dependent increase in the inducible nitric oxide synthase proteins. Isoflurane preconditioning induces neuroprotection in neonatal rats. This neuroprotection is inducible nitric oxide synthase-dependent.